molecular parameters are shown in Table III along with the effect of the variation made for jJ.o and a •.
It seems to be clear that a successful molecular theory for dielectric behavior of polar gases must include careful considerations of the large effect of molecular shape.
We discuss the application of Green's function techniques to a simple Hamiltonian which has been studied by more conventional quantum mechanical techniques. The Hamiltonian is that for two degenerate electronic states interacting through a two fold degenerate vibrational mode-a Jahn-Teller problem. 1 We hope that this simple, but nontrivial problem can be used as a laboratory for the application of Green's function techniques to molecular and solid state vibronic problems. This Hamiltonian has been diagonalized exactlyl and some simple approximation schemes have been proposed 2 ; therefore, comparison of the present techniques with the exact results is possible.
The Hamiltonian may be written
where C a + and CIl+ create electronic excitations of symmetry type a and {3, respectively, and b l + and b_ l + create phonons of symmetry type land -l. (There is a constant of motion in this problem which is a quasiangular momentum.)! If we define the Green's function, Ga(z) as 3 (c a (z-3()-lc a +), where the average is over the ground state of the system (the state with no phonons or excitations), then it is easy to see that the poles of Ga (z) are the eigenvalues of 3(. We discuss two procedures for finding these poles: an approximate calculation of the self-energy of Ga(Z) using the functional derivative technique,4 and an exact diagrammatic expansion of Ga(z). The self-energy, ~a(Z), is defined by Ga-l(Z) =Z-E-~a(Z).
In the functional derivative technique, a more general Green's function is defined with a fictitious external potential. s When this potential is removed, the original problem is regained. Using this technique, one finds the equation for the second-order approximation to the selfenergy to be:
This equation is the simplest prototype of those found using similar techniques for the treatment of electronphonon interactions in solids. 5 Equation (2) is an equation for the self-energy which has many solutions; in particular, defining ~a(2)(z) for z=o to z=w defines ~a(2) (z) for all z via Eq. (2). However, we have found a solution of Eq. (2) which satisfies the correct boundary conditions and is continuous in Z along the real axis except for simple poles. We find 6
where J n is the usual Bessel function and WI! = E-z.
The continued fraction form of ~a (2) (z) is given in Ref. 6 and can be found by iteration of Eq. 2. It turns out that the poles of Ga (z) are the zeros of J v-I (21') . Notice that the energy, z, appears in the order of the Bessel function.
In the diagrammatic analysis, one writes down the irreducible diagrams representing ~a(Z) and finds that ~a(Z) can be written as another Green's function: (4) where fl=Ho+'YPVP, and P is the projection operator out of the state C a + I 0). There is a simple correspondence between (4) (and its further consequences) and Mori's Brownian motion theory7: Ga(Z) corresponds to the zeroth-order response function, ~a(Z) the first-order response, etc. Using (6) and finding the self-energy of Ga'(z) and so on, we find a continued fraction form for ~a(Z) which differs from that for ~a(2)(Z) in the second term. We have found the poles of Ga(z) using this form of ~a(Z) and find agreement with the results of Longuet-Higgins, et aJ.t On the other hand, the poles of GaCz) calculated with ~a(2)CZ) are correct only for very small l' (in fact, for 'Y~ 1 the poles seem to be linear in 1'). However, using ~a (2) (z) does give an infinite number of poles, all of which approach the correct limit as 1'--70.
In conclusion, we may say that although the equations for ~aCZ) and ~a(2)CZ) are similar, the results for the eigenvalues are very different, and one must use the second-order approximation in the functional derivative method with care. Of course, in a true manybody system, there may tend to be cancellations which will bring the approximation closer to the exact answer. However, the fact that the energy dependence of the self-energy occurs in the order of a Bessel function seems to imply that solutions to similar equations in the electron-phonon case will have exceedingly complicated energy dependences.
Two more comments are in order. The first is that the form of ~a(2) (z) is the same as that which would arise using the functional derivative technique in the simpler problem of a single electronic state system with linear coupling to one vibrational mode. Hence, to second order, the functional derivative technique cannot distinguish the Jahn-Teller problem from the displaced oscillator. Secondly, if we go to the next most complicated problem, the pseudo Jahn-Teller case, where the electronic degeneracy is split, the diagrammatic analysis no longer yields a simple expression such as (6) for ~a(Z). This is due to the introduction of "crossing" diagrams admitted when the quasi angular momentum is no longer a constant of motion. This is also a feature of the more general electronphonon problems.
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